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(57) ABSTRACT

A proximity sensor device 1s provided in compact unit that
has the ability to sense or monitor 1n different directions, such
as sensing or monitoring in both the vertical and horizontal
directions. Methods are also provided. In an 1illustrative
embodiment, the proximity sensor device includes a first
transmitting/receiving pair and a second transmitting/receiv-
ing pair on a printed circuit board along with an IC to control
the transmitters and recetvers, as well as, 1n some embodi-
ments, to provide signal filtering, amplification or other
desired features.

18 Claims, 8 Drawing Sheets
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COMPACT MULTI-DIRECTION PROXIMITY
SENSOR DEVICE AND METHOD

BACKGROUND

Proximity sensing devices operate under a variety of prin-
ciples, including inductive proximity sensors, capacitive
proximity sensors and optical proximity sensors. Optical
proximity sensors or switches are generally comprised of a
light-emitting or transmitting component, typically a diode,
and a recerving component, typically a photodiode. Among
the different types of proximity sensors or switches 1s a reflec-
tion system, 1n which the transmitter and receiver are typi-
cally integrated into a single umt or device. In one type of
reflection system, the light emitted by the transmitter in the
transmitter/recerver device 1s transmitted into the area to be
monitored. As long as there 1s no object in the area to be
monitored, no light 1s reflected back to the receiver i the
transmitter/receiver. However, 1 an object enters 1nto the area
to be monitored at least part of the transmitted light 1s
reflected by the object and can be detected by the recerver in
the transmitter/receiver.

For such optical sensor systems, 1t 1s necessary to exactly
align the transmitting and recerving components of the optical
sensor devices during manufacture and installation so that the
light emitted by the transmutter 1s incident via reflection on the
receiver for the desired monitoring range. Accordingly,
manufacturing such optical sensor systems can be costly.
Moreover, each transmitting/recerving unit only operates 1n
one direction, so 1f a particular application calls for being able
to monitor 1n two directions, such as monitoring on both a
horizontal and vertical axis or direction sensing (clockwise
vs. counterclockwise) for a motor, etc., two separate trans-
mitting/recerving units are required, adding to the expense.
Additionally, such optical sensor systems require a controller,
typically an IC, to implement the driver for the light trans-
mission, signal filtering, etc. These IC controllers are manu-
factured separately from the transmitting/receiving unit of the
optical sensor device and typically connected to the transmiut-
ting/receiving unit at installation of the optical sensor system,
which, depending on the number of transmitting/recerving,
units operating, can require significant design effort to imple-
ment.

SUMMARY

To address the various constraints and issues presented in
conventional proximity sensors, and preferably optical sensor
systems, an integrated proximity sensor device 1s provided 1n
an easy to manufacture, compact unit that has the ability to
sense or monitor in both the vertical and horizontal directions.
In a preferred embodiment, the proximity sensor system
includes a first transmitting/recerving pair and a second trans-
mitting/receiving pair on a printed circuit board along with an
integrated circuit to control the transmitters and receivers, as
well as, 1n some embodiments, to provide signal filtering,
amplification or other desired features.

Anillustrative embodiment of a proximity sensor system 1s
an optical proximity sensor, and the preferred transmuitter 1s a
modular light-emitting diode (LED) with a molded lens for
case of manufacture. Similarly, an embodiment of the
receiver 1s a modular photodiode with a molded lens. By
providing modular transmitters and recervers, the optical sen-
sor system can be easily assembled 1nto a compact package.
Additionally, the optical sensor system has a metal shield to
both protect the transmitting/receiving components and the
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integrated IC circuit, as well as to help block light leaking to
the recerving area (i.e., reduce crosstalk).

Such a compact, dual directional optical sensor system has
broad applications. For example, due to the wide angle sens-
ing properties for the dual direction sensing, 1t can be used as
a human presence sensor, such as detecting individuals
approaching an ATM machine from various angles; used to
detect the absence of a user from machinery, equipment, or
computers to allow implementation of a power saving mode
while the user 1s away; used as a direction sensor for motors
to determine clockwise verses counterclockwise motion; etc.

The figures and detailed description that follow are not
exhaustive. The disclosed embodiments are illustrated and
described to enable one of ordinary skill to make and use the
integrated optical sensor device. Other embodiments, fea-
tures and advantages will be or will become apparent to those
skilled 1n the art upon examination of the following figures
and detailed description. All such additional embodiments,
features and advantages are within the scope of the assem-
blies and methods for the manufacture thereof as defined in
the accompanying claims.

BRIEF DESCRIPTION OF THE FIGURES

The proximity sensor device and methods can be better
understood with reference to the following figures. The com-
ponents within the figures are not necessarily to scale, empha-
s1s nstead being placed upon clearly illustrating the proxim-
ity sensor system and the principles of forming the integrated
proximity sensor system. Moreover, in the figures, like refer-
ence numerals designate corresponding parts throughout the
different views.

FIG. 1A 1llustrates a front perspective view of an embodi-
ment of a transmitting unit for use with a proximity sensor.

FIG. 1B illustrates a front perspective view of the transmit-
ting unit shown 1n

FIG. 1A with a molded lens attached thereto.

FIG. 2A 1llustrates a front perspective view of an embodi-
ment of a recerving unit for use with a proximity sensor.

FI1G. 2B illustrates a front perspective view of the receiving
unit shown 1n FIG. 2A with a molded cover attached.

FIG. 3A illustrates a top perspective view of an embodi-
ment of a portion of a proximity sensor device.

FIG. 3B illustrates a top perspective view of the embodi-
ment of the portion of the proximity sensor device shown in
FIG. 3A with a cover over the IC.

FIG. 4 1llustrates a top perspective view of an embodiment
of a proximity sensor device.

FIG. 5 1llustrates a top perspective view of the proximity
sensor device of FIG. 4 with an optional cover.

DETAILED DESCRIPTION

The demand for an improved proximity sensor 1s met with
a proximity sensor in an easy to manufacture, compact unit
that has the ability to sense or monitor 1n both the vertical and
horizontal directions. In an 1illustrative, or exemplary,
embodiment, the proximity sensor includes a first transmiut-
ting/receiving pair and a second transmitting/receiving pair
on one printed circuit board (“PCB”’) along with an integrated
circuit (“IC”") to control the transmuitters and recervers, as well
as, 1n some embodiments, providing signal filtering, amplifi-
cation and other features, 1f desired.

Turming now to the drawings, wherein like reference
numerals designate corresponding parts throughout the draw-
ings, reference 1s made to FIG. 1A and FIG. 1B, which 1llus-

trate an 1llustrative, or exemplary, embodiment of a transmuit-
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ting unit 10 for use with a proximity sensor. In this
embodiment, the proximity sensor 1s an optical proximity
sensor. As 1llustrated 1n FIG. 1A, the transmitting unit 10
includes a transmitter substrate 12. The transmitter substrate
12 1s preferably a PCB substrate. Shown generally cubic 1n
shape 1 FIG. 1A, the transmitter substrate 12 could be any
desired shape depending on the application for which the
transmitting unit 10 1s intended, although for ease of manu-
facture and assembly of the proximity sensor, especially
when small 1n size, a modular transmitting umt 10 with a
generally cubic or rectangular shaped transmitter substrate 12
1s preferred.

The transmitter substrate 12 preferably includes conduc-
tive areas 14, 16, 18 formed on or 1n the transmaitter substrate
12. The conductive areas 14, 16, and 18 can be formed on or
in the transmitter substrate 12 in a variety of ways, as would
be understood by one of skill in the art. Additionally, the
conductive areas 14, 16, and 18 may be 1n a variety of shapes,
s1zes and arrangements. For instance, although three conduc-
tive areas 14, 16 and 18 are shown, more or fewer conductive
areas may be used, and by way of example, conductive areas
16 and 18 could be coupled together to form, or could be
formed as, one larger conductive area (not shown). The con-
ductive areas 14, 16, and 18 are also not limited to one face of
the transmuitter substrate 12, but may be extended to cover in
whole, or 1n part, other faces of the transmitter substrate 12.

Asillustrated in FIG. 1A, a transmitter 20 1s attached to the
transmitter substrate 12. In the illustrative embodiment
shown 1n FIG. 1A, the transmitter 20 emits light, although
other types of transmitters 20 could be used. The 1llustrated
transmitter 20 1s an LED emitting infrared light, although
other light-emitters and other light frequencies could be used.
The 1llustrated transmitter 20 1s attached to the transmitter
substrate 12 at the conductive area 18 by die attaching, but
other attaching methods or locations could be used. Addition-
ally, the transmitter 20 1s connected to conductive area 14 by
a connecting wire 22.

FIG. 1B shows a transmitting unit 10 of the type illustrated
in FIG. 1A with an illustrative embodiment of a molded cover
24 attached to one face of the transmitter substrate 12. Pret-
erably, the molded cover 24 1s attached to the face of the
transmitter substrate 12 containing the transmitter 20, and the
molded cover 24 comprises a transparent material that covers
the transmitter 20. The molded cover 24 may be separately
manufactured and then attached to the transmitter substrate
12 1n a variety of ways, or the molded cover 24 may be formed
on the transmitter substrate 12. The preferred molding 24
includes a lens portion 26 that 1s located over the transmaitter
20 such that the lens portion 26 can be used to mampulate the
light emitted from the transmitter 20 (e.g., focus the light to a
desired focal point). As 1s known, the physical properties,
dimensions and arrangement of the molded cover 24 and lens
portion 26 can vary depending on how one desires to manipu-
late the light emitted by the transmitter 20.

A single transmitting unit 10 1s shown 1n FIGS. 1A and 1B;
however, multiple transmitting units 10 could be assembled at
the same time on a larger substrate 12, and then aiter assem-
bly, the larger substrate 12 may broken down 1nto individual
transmitting units 10, such as by singulation. Singulation
could be performed either before or after the molded cover 24
and/or lens portion 26 are formed on the transmitting unit 10.

FIG. 2A illustrates an exemplary embodiment of a recerv-
ing unit 40 for use with a proximity sensor. The recerving unit
40 includes a receiver substrate 42. The receiver substrate 42
1s typically a PCB substrate. Shown generally rectangular 1n
shape 1n FIG. 2A, the receiver substrate 42 could be any
desired shape depending on the application for which the
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receiving unit 40 1s intended, although for ease of manufac-
ture and assembly of the proximity sensor system, especially
when small 1n size, a modular recerving unit 40 with a gen-
erally rectangular shaped receiver substrate 42 1s preferred.

The recerver substrate 42 preferably includes conductive
areas 44 and 46 formed on or in the receiver substrate 42. The
conductive areas 44 and 46 can be formed on or in the recerver
substrate 42 1n a variety of ways, as would be understood by
one of skill 1in the art. Additionally, the conductive areas 44
and 46 may be 1n a variety of shapes, sizes and arrangements.
For instance, although two conductive areas 44 and 46 are
shown, more or fewer conductive areas may be used. The
conductive areas 44 and 46 are also not limited to one face of
the receiver substrate 42, but may be extended to cover in
whole, or 1n part, other faces of the receiver substrate 42 as
shown 1n FIG. 2A.

As 1llustrated 1n FIG. 2A, a receiver 50 1s attached to the
recelver substrate 42. In the embodiment shown 1n FIG. 1A,
the receiver 50 1s a photodetector, although other types of
receivers 30 could be used. The receiver 50 1s photodiode
capable of detecting infrared light, although other photode-
tectors and other light frequencies could be used. The illus-
trated recerver 50 1s attached to the recerver substrate 42 at the
conductive area 46 by die attaching, but other attaching meth-
ods or locations could be used. Additionally, the recerver 50 1s
connected to conductive area 44 by a connecting wire 52.

FIG. 2B shows a receiving unit 40 of the type 1llustrated 1n
FIG. 2A with a molded cover 54 attached to one face of the
receiver substrate 42. The molded cover 54 1s attached to the
face of the recerver substrate 42 contaiming the receiver 50,
and the molded cover 54 comprises a transparent material that
covers the recerver 50. The molded cover 54 may be sepa-
rately manufactured and then attached to the receiver sub-
strate 42 1n a variety of ways, or the molded cover 54 may be
formed on the receiver substrate 42 Additionally, the molded
cover 34 includes a lens portion 56 that 1s located over the
receiver 50 such that the lens portion 56 captures light and
directs 1t to the receiver 50. As 1s known, the physical prop-
erties, dimensions and arrangement of the molded cover 54
and lens portion 56 can vary depending on how one desires to
capture and direct light to the recetver 50.

A single recetving unit 40 1s shown 1n FIGS. 2A and 2B;
however, multiple recerving units 40 could be assembled at
the same time on a larger substrate 42, and then aiter assem-
bly, the larger substrate 42 may be broken down into indi-
vidual recerving units 40, such as by singulation. Singulation
could be performed either before or after the molded cover 54
and/or lens portion 36 are formed on the receiving unit 40.

FIG. 3A illustrates a portion of a proximity sensor device
100, which 1s 1n the 1llustrative, or exemplary, embodiment an
optical sensor device. The proximity sensor device 100
includes a device substrate 100 which 1s preferable a PCB
substrate. The device substrate includes various conductive
arcas 112, 114, 116, 118, and 120 that allow for conducting
signals and/or power to various portions of the device sub-
strate 100. The number, shape and location of the conductive
areas 112, 114, 116, 118, and 120 are not limited to what 1s
displayed 1n FIG. 3A, but may vary. The embodiment of the
proximity sensor device 100 also includes an integrated cir-
cuit (IC) 122 attached to the device substrate 110.

The IC 122 allows for control of the components of the
proximity sensor device 100, for example, by providing logic
for driving a transmitting unit 10 (not shown in FIG. 3A).
Additionally, the IC 122 may also contain logic to allow for
signal conditioning, sunlight, ambient light immunaity, as well
as other features 11 desired. Depending on the proposed appli-
cation for the proximity sensor device 100, such as an appli-
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cation where the proximity sensor device 100 will be powered
by a battery, the IC 122 may also contain logic to perform
various power saving operations, mcluding, but not limited
to, current control for the recerving unit 40 and/or transmit-
ting unit 10; controlling the pulse width, burst rate, duty cycle,
and frequency; operating 1n standby mode based on various
conditions; performing a shutdown based on various condi-
tions; etc. The IC 122 can be attached to the device substrate
110 1n a variety of ways, and as 1llustrated 1n FIG. 3A, may be
wirebonded to various conductive regions, such as conduc-
tive region 112.

FI1G. 3B illustrates the portion of a proximity sensor device
100 shown 1n FIG. 3A at a later stage of assembly after the IC
122 has been fitted with a cover 130 to provide physical
and/or electrical protection for the IC 122. The cover 130 may
be of a variety of materials and may be manufactured and
attached to cover the IC 122 1n a variety of ways; however, the
cover 130 1s typically a glob-top formed on the IC 122 and 1ts
wircbonds. Additionally, as shown i FIG. 3B, the device
substrate 110 may include one or more substrate cutouts 132.
The substrate cutout 132 illustrated 1n FIG. 3B 1s a channel
cut mto the upper surface of the device substrate 110 and
allows for the later mounting of one or more component
covers (not shown) to a protect various components of the
proximity sensor device 100.

Turning to FIG. 4, the portion of the proximity sensor
device 100 shown 1n FIG. 3B 1s shown with at least one
transmitting unit 10 (FIG. 1B) and one recerving unit 40 (FIG.
2B) connected to the device substrate 110. As 1llustrated, the
transmitting unit 10 1s connected to the device substrate 110
such that light will be emitted from the transmitting unit 10 1n
a substantially horizontal direction with respect to the device
substrate 110. Correspondingly, the receiving unit 40 1s con-
nected to the device substrate 110 such that light emaitted in
the horizontal direction from the transmitting unit 10 and
reflecting off of an object (not shown) can be detected by the
receiving unit 40.

Transmitting unit 10 and receiving unmit 40 are also prefer-
ably connected to the device substrate 110 at conductive areas
114 and 118 (FIG. 3A), respectively, such that transmitting
unit 10 and receiving umt 40 are electrically connected to IC
122 (not shown) that 1s protected by cover 130. In this way IC
122 can control the transmitting unit 10 and receiving unit 40,
and allow those components to operate as an optical sensor 1n
the horizontal direction.

Additionally, the preferred proximity sensor device 100
also includes an additional transmitting unit 10' and an addi-
tional receiving unit 40'. Transmitting unit 10' 1s connected to
the device substrate 110 such that light will be emaitted from
the transmitting unit 10' in a substantially vertical direction
with respect to the device substrate 110. Correspondingly,
receiving unit 40' 1s connected to the device substrate 110
such that light emitted 1n the vertical direction from transmit-
ting unit 10" and reflecting oif of an object (not shown) can be
detected by the receiving unit 40",

Transmitting unit 10" and receiving unit 40" are preferably
connected to the device substrate 110 at conductive areas 116
and 120 (FIG. 3A), respectively, such that transmitting unit
10" and receiving unit 40' are electrically connected to 1C 122
(not shown) that 1s protected by cover 130. In this way, IC 122
can also control transmitting unit 10' and receiving unit 40,
allowing those components to operate as an optical sensor 1n
the vertical direction. Thus, transmitting umt 10/recerving,
unit 40 operating with transmitting unit 10'/recerving unit 40’
provides proximity detection along two different directions,
and 1n this 1llustrative embodiment, two different directions at
90 degrees to each other.
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Optionally, the proximity sensor device 100 may also
include a device cover 140, one embodiment of which 1s
illustrated in FIG. 5. The device cover 140 may be made out
ol a variety of materials and may be attached to the device
substrate 110 1n a variety of ways. The device cover 140
includes transmitter cut-out portions 142, 142' to allow trans-
mitting unit 10 (transmitting unit 10" not shown) to emait light
through the device cover 140. Similarly, the device cover 140
includes recerver cut-out portions 144, 144' to allow receiving
unit 40 (receiving unit 40' not shown) to recerve light through
the device cover 140. In addition to providing protection for
the components of the proximity sensor device 100, the
device cover 140 1s also beneficial to prevent light not
reflected from an object from accidentally leaking to the
receiving units 40, 40' (1.e., reducing the crosstalk). Prevent-
ing such accidental light leakage can be especially beneficial
when a small proximity sensor device 100 1s desired, such as
a proximity sensor device 100 thatless than 1 cm 1n length and
width.

In operation, the proximity sensor device 100 1s able to
provide detection in two directions simultaneously. For the
illustrative embodiment, the proximity sensor device 100
provides detection 1n a first direction and a second direction
that are perpendicular to each other. In this manner, the prox-
imity sensor device 100 can provide three-dimensional prox-
imity detection and/or provide a wide range of detection 1n a
self-contained package. For example, due to the wide angle
sensing properties for the dual-direction sensing, the proxim-
ity sensor device 100 can be used to detect objects (including
animals or persons) entering, leaving or present 1n the field of
detection. By way of example, the proximity sensor device
100 could be used as a human presence sensor to detect
individuals approaching an ATM machine from various
angles. Similarly, the proximity sensor device 100 could be
used as a human presence sensor in other applications such as
to detect the absence of a user from machinery, equipment,
computers, mobile phones, etc., to allow implementation of a
power saving or safety mode when a user 1s away, or to detect
the presence of a user to enable a power up mode. In the
illustrative embodiment, the IC 122 can be programmed with
logic to implement such functionality and/or may be in com-
munication with other devices that can provide logic for such
functionality.

Additionally, as those skilled 1n the art would recognize,
the proximity sensor device 100 could be used for other
purposes, including industrial applications. For example, the
proximity sensor device 100 could be used as a sensor for
motors, belt drives, etc., to determine direction of motion (for
example clockwise motion verses counterclockwise motion).
In such implementations, the IC 122 could contain logic to
identify the order 1n which the transmitting unit 10/receiving
unmit 40 and transmitting umt 10'/receiving unit 40' detect
motion to determine the direction a movement. In this appli-
cation, for example, detection by the transmitting unit 10/re-
ceiving unit 40 and then detection by the transmitting unit
10'/receiving unit 40' would mean motion 1n one direction
while detection 1n the opposite order would mean motion in
the opposite direction. Additional applications are also pos-
sible as will be recognized by those skilled 1n the art.

While various example embodiments of a proximity sensor
and methods for the same have been described, 1t will be
apparent to those skilled 1n the art that many more embodi-
ments and implementations are possible that are within the
scope of this disclosure. Accordingly, the described proxim-
ity sensor, components, and methods are not to be restricted
or otherwise limited except 1n light of the attached claims and
their equivalents.
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What 1s claimed 1s:

1. A proximity sensor, comprising;

a substrate with a length L and a width W, wherein L 1s less
than 1s less than 10 millimeters and W 1s less than 3
millimeters;

a {irst transmitting umt attached to the substrate, the first
transmitting unit configured to transmuit a first signal 1n a
first direction;

a first recerving unit attached to the substrate, the first
receiving unit configured to recerve at least a portion of
the first signal transmitted 1n the first direction;

a second transmitting unit attached to the substrate, the
second transmitting unit configured to transmit a second
signal 1n a second direction, wherein the second trans-
mitting unit 1s adjacent to the first transmitting unit and
the second signal 1n the second direction 1s perpendicu-
lar and does not intersect to the first signal in the first
direction;

a second recerving unit attached to the substrate, the second
receiving unit configured to recerve at least a portion of
the second signal transmitted in the second direction;
and

logic 1n communication with the first transmitting unait, first
receiving unit, second transmitting unit, and second
receiving unit, the logic configured to detect whether at
least a portion of the first signal transmitted from the first
transmitting unit has been received by the first receiving
umt or when at least a portion of the second signal
transmitted from the second transmitting unit has been
received by the second recerving unit.

2. The proximity sensor of claim 1, wherein the substrate 1s
substantially rectangular and the first transmitting unit and
second transmitting unit are light-emitting transmitting unaits.

3. The proximity sensor of claim 2, wherein the first trans-
mitting unit 1s an LED.

4. The proximity sensor of claim 2, wherein the first trans-
mitting unit comprises:

a transmitter substrate;

an LED device attached to one face of the transmuitter
substrate; and

a lens formed by molding a compound over the LED device
attached to the transmitter substrate.

5. The proximity sensor of claim 2, wherein the first rece1v-

ing unit 1s a photodetector.

6. The proximity sensor of claim 2, wherein the first receiv-
Ing unit comprises:

a receiver substrate;

a photodetector device attached to one face of the receiver

substrate; and

a lens formed by molding a compound over the photode-
tector device attached to the receiver substrate.

7. The proximity sensor of claim 1, wherein the logic

comprises an mntegrated circuit attached to the substrate.

8. The proximity sensor of claim 1, wherein the proximity
sensor further includes a cover attached to the substrate so as
to surround at least the first recerving unit and second receiv-
ing unit, the cover configured with a first cut-out portion to
allow the first recerving unit to receive at least a portion of the
first s1ignal and a second cut-out portion to allow the second
receiving unit to recerve at least a portion of the second signal.

9. A method for sensing comprising:

providing a substrate, wherein the substrate has a length L
and a width W, where L. 1s less than 10 millimeters and W
1s less than 5 millimeters:

attaching a first transmitting unit to the substrate, the first
transmitting unit configured to transmait a first signal 1n a
first direction;
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attaching a first receiving umt to the substrate, the first
receiving unit configured to recerve at least a portion of
the first signal transmitted 1n the first direction;

attaching a second transmitting unit to the substrate, the
second transmitting unit configured to transmit a second
signal 1n a second direction, wherein the second trans-
mitting unit 1s adjacent to the first transmitting umt and
the second signal in the second direction 1s perpendicus-
lar and does not 1ntersect to the first signal in the first
direction;
attaching a second receiving unit to the substrate, the sec-
ond recerving unit configured to receive at least a portion
of the second signal transmitted 1n the second direction;

providing logic 1n communication with the first transmuit-
ting unit, first recerving unit, second transmitting unit,
and second recerving unit, the logic configured to detect
whether the at least a portion of the first signal has been
received by the first recerving unit or when the at least a
portion of the second signal has been received by the
second recetving unit.

10. The method of claim 9, wherein the substrate 1s sub-
stantially rectangular and the first transmitting unit and sec-
ond transmitting unit are light-emitting transmaitting units.

11. The method of claim 10, wherein the first transmitting
unit 1s an LED.

12. The method of claim 10, wherein the first receiving unit
1s a photodetector.

13. The method of claim 9, wherein the logic comprises an
integrated circuit attached to the substrate.

14. A method for sensing comprising;

providing a substrate, wherein the substrate has a length L

and a width W, where L 1s less than 10 millimeters and W
1s less than 5 millimeters;

transmitting a signal in a direction from a first transmitting

unit connected to the substrate;

recerving at least part of the signal at a first recerving unit

connected to the substrate;

transmitting a second signal 1n a second direction from a

second transmitting unit connected to the substrate,
wherein the second transmitting unit 1s adjacent to the
first transmitting unit and the second signal in the second
direction 1s perpendicular and does not intersect to the
first signal 1n the first direction;

recewving at least part of the second signal at a second

receiving unit connected to the substrate; and

detecting whether the at least part of the signal has been

received by the first recerving unit or the at least part of
the second signal has been received by the second
receiving unit.

15. The method of claim 14, wherein detecting whether the
at least part of the signal has been received by the first receiv-
ing unit further comprises detecting when at least part of the
signal has been received by the first receiving unit after
reflecting off of an object.

16. The method of claim 14, wherein detecting whether the
at least part of the signal has been recerved by the first receiv-
ing unit further comprises detecting when at least part of the
signal 1s no longer being received by the first receiving unit
after reflecting oif of an object.

17. The method of claim 15 wherein the object 1s a person.

18. The method of claim 14, wherein detecting whether the
at least part of the signal has been recerved by the first receiv-
ing unit or the at least part of the second signal has been
received by the second recerving unit further comprises deter-
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mimng whether the first receiving unit recerves at least part of
the signal before the second recerving unitreceives the at least
part of the second signal.

G e x Gx ex
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